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Abstract of JP2003272860 



PROBLEM TO BE SOLVED: To provide an organic 
electroluminescent element with high brightness and long life. 
SOLUTION: The organic electroluminescent element 
comprises a transparent positive electrode 2, a negative 
electrode 5 facing each other, and a plurality of light emitting 
units 3-1 , 3-2... 3-n. Respective light emitting units are 
separated by electron generating layers 4-1 , 4-2,... 4-n 
composed of at least one layer. The electron generating 
layers are made to function as electric insulation layers having 
specific resistivity of 1.0*10<SP>2</SP>[Omega]*cm, 
preferably 1.0*1 0<SP>5</SP>[Omega]*cm. 
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ft^)t»nT4oO, t^-z>. ^MM^^MIfi 1 . 0X10' 

[»*3«2] B||#lSlB*©:&*XUi7 hDJU5*y 
ir> h^^lC*3^T> . 0 x l 0 s Q 10 
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m VkW * <D v V ti ) 1 1) * > ViWi t =? V t) ) v 7 x * > # 
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>y -fe > h sflf. 
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(a) -f ;j->flSJpx >->•*• 5. 7eVitJ/jN$<, 

(b) (a) ©#«Yls*«i)t«fl:jl7cE*fwJ:*«ffir» 

ffiG (a) fi£#<h (b) fig 

# t (D p^T^bSTcKjs tc «t s m ffi&m&tt-wmtfc. l t 

<^&*r88xi^ h a;U3*-;/-te> hsiff „ 

[ft** 5] »#*4lB*©*r*xU* hn;U5*v 
-fe> hSHPfcfcHT, (a) fig^T u — ;uy 5 Xb-S- 
— «SC (I) : 

[<tl] 

AT! — N Ar 3 

40 

(itf. Ar,. A r,K.tfA r,te, -tn-^ftfflftCH 

n*7U— >fl2^<&T«&S*«XUi7 hnUUS* 
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■feVHS^lCfcHT, ««F56£»*:*J«*--& (a) fi£# 
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-ir>h* ; f-c*^T. m&%.%.m$:mf&t z> (b) 

-fe> hSllf. 

[»*3H9 3 »*«4Ef©t«Zl/J hDJl-S*y 
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[»*^ 1 5 ] mxm 1 3 sfctt i 4 fstgowtsx u 
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t>E«**lT^*fll^ 1 9 6 O^ttlZHe 1 fr ich 
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4 3 9 3^*l:lt ELlfMiH r^*E^^« 

imrrwestt**? <*) /8>K»-rs, 3tf (») 
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Wffl-T*) bfc»tC»4tt««S*»4 
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fc* : F*»4*n«fct)*^n*<, rt«««*»i#«n 

S*©a*»4^««^»*0»5«ifi^i : f*SnT^ 

14, Kf^S?3W4KK: 1 0 0 %JrSiJ^U^o&0, 
tSELX^lcio T»*tlfcR«J4* : F#*«^Hto 
*{IJH4tf>fR]J:<02K ittofcSS****. C0>«f^ T 
angSG>#M\ i3t©S«*4ttffOtiELr/W 
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Jft»**6»dESnT^*fc:t)J*)to6-r, SftltS 
»©J83ta-yh*l« (iR) »l:iJ"Ji:»«SftT 
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ini*^-en-en»s*fflt»a*^»ftr*c:t»Cct 
h ^if £ & at ^ <oifi&m-c & & . 

[0 0 13] Sfc, *%BJCD^EL^^^^V^T, « 
ffirSS^Stt (a) ^*>it#9->>-*)Utf5. 7eV£ 

HHt^fcRtf (b) (a) commits £»{fc*7cE * 

*6tt*«JiflcXttiB^Ji*63te0, MTE (a) 
(b) J*»<hOPfl^^ta^SlC^cfcS«?»^l&^^ 

SKte-f ^-><b#5 = ->>'^;i/^5. 7 e VJ: «9 /h^ lid 
t^ISlK (a) ^»^Wffifc&«^-f^>ft^r 
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y] t*7x-;k 1, 5-h*X [N- (i-j-y^M 
-N-7x-^-7^y] ^^^U>, 4, 4' -h*X 
[N — (9 - 7>MJJM -N-7x-;i/-7^] t: 
7x-Jk 4, 4* ' -h'X [N- (1-7>MJJM 

-N-7xzjk7^y] p -^-^x-;u, 4, 4 ' 

-t:X [N- (2-7xt>h'JW -N-7X-JI/- 
T^y] h'7x-Jk 4, 4* -t'X [N- (8-X>>l/ 
^-^>^-;i/) -N-7x-Jl/-7$7] t*7x-Jk 
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;k 4, 4 ■ -ex [N-7XZJHN- ( 2 - eu- 

M -7^y] tXx-Jk 2, 6-ex [N, N->> 

(2-^x^;w r^y] x;i^u>, 4, 4' ' -e 

X (N, N-y-p-hU^7^7) ^-Xx~;k e 
X (N-l-t75 1 ;W (N-2-^X^;U) 7^>, 
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e l m^coftm \z&m ts nx n z><&m <d t> © sasn 

ffli^:<hm5„ £fc£ b JC, K7'J— ;P7 5>flS 

t^. ±IH> c-NPD, Xt°D-NPB ( Xfc'D-TA 
D^2-TNATAM7^W9 ot:ft±T^ 

[0 0 1 5] *5£W<DmmELm^lZ3z>\,*T. «ffif^^ 20 

«^a&s2as©«i!i©aji^s*:**'&, sag 

[0 0 16] 

-^/h Oft< tfe— B®ffi#B«:*tr, 

(2<S£*±) ?¥SEL, S«a-7h^l. Oxio 1 
Q • c m£A±, ffSt < it 1 . 0 x 1 0 s Q • c mKi 

[0 0 17] «OflEL^H EltC^^P 

tStmm&btt (e* ) , HWH^S*-* (h 40 

[ooi8] *^bjcow«el^^f^4d^t> a«r$8£ 

JB*JgJ5KT*«»tUTtt, tfcjata^l . 0 x l 0 1 Q 
• cm£t±. »*Kttl. 0X10 s Q-cma±T 

2iia*^5 o xa±©it*5ut^ff slk pjs^ so 
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^fc, a«5EtB**j«T ±Eoitatt 

tt, WE©cfc3£, Att5 2aa0)4bK®aBttXt4S 

£aa>s&0. tt2aao«amTaflsa7cs«^j:« 

^■>«at5^*;p7— as sura kmc -e-n 
-entta^taa^rRj^B-rsct^cko, «&Ea 
«r58sfeB©aa«fc«"rs**3.— ^ h^*-;^aA 

[0 0 19] fjffi<£>£5^ ^^co*^ JC43W*«^ 
Stilt (a) T»47»J-Jl/7$Wt6*t, 
(b) BE7U-;P75 >ffc-&*iBft«7cEJB»c«fc^T 

a^isa***^?*** (*iwct>, *aft 
^«Tt>A^) i©aa*x»4s-&B"c*-5©*«»aT 

H3lt SufBcD (a) ric#£ (b) ric#<E>ISBf*: 

T**a*»tBK:**t«>««ra»a#o»*i:«EW 

@4H MIBCD (a) (b) i£#CD*g 

^BT?**«w**Bic*5tt*a?i{r»»a*(ojgriEia 

[0 0 2 0] lWS£lt«rtt«2tM6!)ft 

&m*miv&7iKfo\z& o nvmnm»tm& l -5 * t> 

HMttTHU Jftfi8 0 0-2 0 0 0 nm<DiB:^mmzm 
g^RTH, Sfi8 0 0-2 0 0 0 n mOjfi#*HWti: 

KJRX^# WKDfcf— 9tfi$>Q, 2W&<bfc&mwr?<b 

m^&m & mm ic«i*-r * (t>L<ttiE») tit 

[0 0 2 1] B5lt 7 U — ^ >lk^mT*$>Z> 2 - 
TNATA, a-NPD, XtfD-TAD^Ahf U- 

npb^ v : o s (5iftAt^">A) o-c-n-en^a 

T^©iRX^^ h;U> Stf#7U- ;U75 >\\&mt- 5 

©B*6B6*)5:t*D. 7 »J — ;]/7 5 >{b^ft&^ 5 
SKtA^S^Ate, *»TH8fi8 0 0-2 0 0 0 nm 
©ifi*^««ICtr— ^tSStt^, 7U— ^7^ >1t 
^mt: 5WHt/*1-W2±£<Dm&m\** Sfi8 0 0-2 
0 0 0 nm©iS*^««fca*3&:Ii— d^fcSb, m^r# 

6tt, 2-TNATAt4F~TCNQMnfn#M 
iS^l^MX^^hM^l, ^7te, a — N 
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PDiRe.O, (7mt2 Un^A) ©g-&tt©KJRX 

^ ^©^©^©MX^ h;U© 

T, I3©tifcitlMe-i'* { i5#*l-S®«8 0 0 nm 
~2 0 0 0 nm©ttfCi!l!l$nT*3f). 2MS93#e>© 

JraB# \z * -5 £ pJ^ t T 5 SS&Sft Tr<£> -£> d 

[0 0 2 2] *5B9!KiSV»T. r^3.--yhj 
W3*0«t5«C rfi63tEC!>*«EL*^*«lrtf***J 

«, (»«) /^.%m/ (mm) . (ms) /*-;m 
'mm/3t%m/ . (»s) 
ytm/^mmm/ mm > (hmd /*-;paAJi 
/i£-)\,mmm/w%u/n.^mkm/wf-®.xm/ 20 

t'ioTtt^e.tlT, ISIS (2fi£U:) #£-T5t>©T 

<hfc& 556ft jmKOUTfc, #fCiWIEtt&<. ^»© 
fflt© £n. &ft 30 

[0 0 2 3] SilTOtLTii, — IS:W(c«tt^H^: 

©/hsi^&jg, ifc-s-n ^MKbtt*** 

JB, Mg, Ca^OTMUiSil. Eu^©?g-±3g 

^s§i4^)a;6^si*. t>u<tt. cm *>©&«£ a 

1. Ag, I n#i©££&£j8M|fc«f 6*1*. */c. * 

-tr>^*nfc*«ii*ffl«r»*«iric 0-27 

0 17 1 ftffl 2001-102175 *f ii?8# 40 

HS) Ttt, ft*Btti*«e*r»T*tt«. -£-©tt*B8a 

1 1 -2 3 3 2 6 2 *§-&«Rtf«rM 2 0 
0 0 - 1 8 2 7 7 4#ii«CM^L;fc&ffi£ffifflLT, 

i*a«i:*-r*#«Ji*7 , ;i'*u*jR-f r;^ 

U ±3i^S-f * >Rtf#±fB*S'f =*■ >©'>& < £ & i 

K*#fls^« «t» ic ^ w $ n * &Jg-r * > * * t&js 

KilftLo-S&K. M^H Al, Zr. Ti. Site 

£*© (^STctt) t>L<fct;:n&©&JK£-&#-r so 
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^•57^ = ^^A*tsg*©^^s. yt&.mm<n&z. it 

[0 0 2 4] ISfiTOtLTli, #IC$iJK« 

i to <-f >v<^a • -r-rmt*) . i 

ZO K>y^A-IMftW ££*©»9!i*«**»S 

[0 0 2 5] SStC, £fcHU<2MS9!#SjW*B2 0 

0 1 - 1 4 2 6 7 2^BjjBffl$(;:f2®L7c^ffi£ffl^T I 

ic:«koTfT5^^«. m&£mm\z&m¥- 10-270 

1 7 l-f§-&$8TfE«R£*rC<^-5&JSl < — tr>^^nfc# 

•■^m^aAScfflt^ntfiwijfi© 1 to^ i zooi 
6e-?t. &«. »«©wts«rjsgi£LT (*r«Bit>m 

|»aS:^Si:LT»a*SB^S®«i:-r-i.Ct 

[0 0 2 6] *5SiO*iEL^tt. j»l4t«ntt« 

^a"7h*U. OxiO'Q- cm£t±. JfJKli 
1. 0 x l 0 s Q • cm«±©Jtffi£a£#-f -5m^fi!£ 

T tt^^M©*-^ E L sg^T/S < f«Jffl S *IT£ fei^^l © 

[0027] mv^m^mm&m-tzx-ftmo&mEL 

m?l$. 3#C©jSi-Cti£*©#«EL*^i:tt**<ft<t* 
#®^J#^. ST. S£3lE©*«|EL5|l^{'*5tiTtt, 

(*) /s>©itj T?»*«^ja*©±iEtt, sife±. 1 

(=100%) T*&ofc7ii. *^BJ(-.i;-5#«SEL^ 

<BHOMO. . . SiSSfittJi) *^©m^©?l#S 
$trJ;-5. 7> J *JU*^^->©*;fi£^^LT*5 0. « 

^^B©BEffifliJtr»-rsS*«fiETS*ffi»^©ffl 
fiK-r%W«»^©»«« (tKttLUMO. . . s 

*@fcJ:oTtt^enfc«-^ZL--y h Off M (Cl 

(») /8>fc. #«3ti-!y t-*^»a^nMf 
(») /Wittizmztiz) ©^fn*i, *3?^©#«| 
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o. ^elm^h* ft&oimmELmTdm 

ommELmTtmi&iz, t&mtWim<D3zg;-?z>mmco 

[0 0 2 8] fc*>^A/, *5SSO#lEL$fli Hffi 10 
l^mtl. OX10'Q-cmK±. 0 
x l O'fi • cmJy.irotfcStit^^-r-SSfej^tt^lS©*- 

*IEL3$H^*Mfc (nil) . it^JtC^^^tlfe^wri: 

WZtlZmtiLmTft (Vn) CD|g*a (V = V1+V2 + 
...... + vn) X&2>Zt\Z, &5$.T"btelK '&-dX. 

fiE* <Dmm E L ^cDflJ^t? ag. •£> <h $ nt 1* £ 1 0V& 
TTCD{£«ffiKli)«- (n) d*ifA-5 

k:^nT*K*"Jfig *^^©flELff 20 

\Z&^X\Zmf£X$>2>. 

[0 0 2 9] •emcfcftJfc'E.-f, *^i©fiELgf 
te, Se^O^EL^tit^LTt^^^^fi^S: 

^r-r-s. s-f. se*^<D^-«EL^©»sii. mmm 
&\z mtitm l . sssfis fc*e> tc tt^^j^iis 

(Kit)SffT-«^<) mmmmizKitmi'. ftnx&m 

fc(^*£-fct, iIP4l:Sftt5l^-©if£©^azy 30 
CD»*^||^-e^-5. COOPS, ift 9 fg!fr«,BEfcn 

nm^m^^m<&\z^-r\zmm.T'^^ ztnmgjz. tf 

[0 0 3 0] *%BJ©#^EL^00^Si:I^S 

tLz>\z-o?ixm<ti.z>, ^wmzu. m^.mziktLt\-c 

mELm?<DV&nfe\ZZi.r). t(D (M%=L~yh<D) m 40 

w*iEL^o^:@r^s*n (im$iA&i>:w 

(<fc OnmzmmZ'2 0 0 0 A (2 0 0 nm) HTT* 
ofc) . mWim&^2 5 V«TT&-3£i:£^oJjB£:b 
T^fc^lC^Tfc. *fE^OtiELifli *1» 
fC, ffi*If IE Lf ? ittSa^a^WtS. (ml 
13 k o d a k $#ffr. #9883 59-194393 #&$8, 
#BBHB6 3 -2 6 4 6 9 2*f&l8. $#BB¥2 - 1 5 5 9 
5*f&$8. *@i($W : ^4, 5 3 9, 5 0 7^-Bjaa#. |§} 
S4, 7 6 9, 2 9 2 4§BJJflB#, (^^4, 8 8 5, 2 1 50 
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i ^mmm^m) 

&l.&<^. mis. ft&mmmELm^z. igsbmjECD± 
#tt«a*jfc2&*s (w/w) <D&T&m<fz\,fT-$>z>fz 

**. *^HJCDW^EL^CD^«, nflCO^TtrL-^ 
h-S:m@rB^<-i?ffi$-a--S)i:^7tl8temffi (turn o 
n Voltage) ^feBS n £ & 0 . gEoTdfSff 

S£f#5fc#cDfiEEfcB&n{g<h&&*s. fi^^ (IS 

g|#igs (W/W) \Z^tVti^C£\Zt<i.2>. 

[0031] $.it. ^Tto.--^ h^as^-r^*^^ 
vmmELmTowi'&mii&thTte. m^-mi^<DM.^ 

<b ft 2>. fc&We) 1 m<V5&%3- 
-■y hLfrliVti^lf&ELmTT'te. 

&mi&?z>m'piz&&?z> \d>^-)i^co^mx'^m. 
mmmiz (nm.m bfcit^te, nmrnxm^ 
t4^TL$5*<. ^rnvrnmEL-m^nmsizmm 

io, $>z>&fe<n%yt3--y bfim&vx^rztvx 

[0032] ^<nm\z. m^\z. mt&T h v z xmm<D 

'>\z. m&&mz&z>ni£mT j pmfo<Dum±9!-zij£* 
mm®, e l m^m^tzit^T^ < fiMt-ti. z\ t & 
sstrf*. z\<d&t'±>, *&w<DmmELm=Fmm\zm 

mmm^m^com^zit^-c^^^n-i. mm&m\z 

£Zni£&Tft-t>mmffi'>lzt!l5.£&W&*3-Z.t£^Z\t 
$rSc*b (5 V 1 1 0 0 0 c d/m 1 ©flS^f 
tf-i, 5 0 VT 1 0 0 0 c d/m 1 ©JfS^f ^^14 

crcm&nmm&Tiz&ittmw&mm^zti'VT+ft 
x$>r>tzi£w.i£®m\z b v ? xmmvmTjiT 

[0 0 3 3] l^iltr^:ffi«^l^-{r^6-tir-5^ 

nz>mmn®*im<Ditt&&i t-io-'o- cm) & 
switjtiii (~ i o-'q • cm) izit^x2mmm&i<* 
<Dx~&m&ftfrzmMt>mftz>\z^>ftx. ^^.-^h 

K^mJE (V) (feb<«m^E (V/cm) ) #ig; 



19 



? (Di 5 icSS^lig^^^ ICS LT, t^*^#«EL 

[0034] ztz. *^w\z&n *n,m^m<D\£mj\ 

tel. Ox 1 0 l Q ■ c mK±, L- < te 1 . 0X1 
0 s Q • cmaittHBi: I T04f©lttt*8 

[0 0 3 5] ^8te, *«§BC0— *Jfi!8«T*«>W«E 

ma 2 , v V 3 - 1 > ^tfS£JI 4 - 1 , 

a-yh3»2, 1^414-2 20 

%4I4- (n-1) , »3tJL— y h 3-nt»0 5ES 

(S) ^7xs« og^s«) i. mmmmm 

S2, ^^L— (3-n) (fcfc*lxn=l, 2, 3 

) , mmmms\tm^\<Dmm^$>D. ttssatfii. 

Ox l O'Q • c mK±^*aW*6»tt<B«ffif8£li 

(4-n, fcfc*ln=l, 2, 3 ) k:J:oT{t«S 

nfc^5t^— yh (3-n, fcfcln=l, 2, 3 ••• 

L*^(0»l^j£T*2>. 30 
[0 0 3 6] t«EL*fH 

«t«5?ti4-nBtiW«i:l* »S«a*lRl»3: 

Ltv^ifaA s^-jusa (mm) m<D 

40 

[0 0 3 7] MAtf. SlfMl4-n^^ilSJ 

ft k^&a ^§B¥ io-27oi7i 

^Si^M 2 0 0 1 - 1 0 2 1 7 S^SCi^Stl 

n^: 1 aJW±co#S^^/^^^^»^L,^n ±fB 
OS^aAS^O K^"— K-/t>h4lOt;Ht*tt, 50 
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*«Yt**lc3fc#UT0. l-l 0T&*c&##£L^. 

TL$7 B ±IBc^)j;5/^m ; ?aA^^^"r^«Sc<^^^ 
[0 0 3 8] «3t3.= yhtt. 

nm£jg;L<5ch, 3t(OSfflsp^«^LTLS'5tl^Wp 

st^ctT, i:t ^ ^ ^ t>a ^ntt.^ 

& si h - e > ^ s h a mm <o m & £ w r §£ a* * & l t 

[0 0 3 9] £fc#JAfc)U St^tl4-n^bit 
a^ftfCS^&A-r^BSKte, 11-23326 
2 -Sfiifg^ltllB 2000-182774 
g'&ffFlfi 6 3 9 6 2 0 9 (#BS^ : J . E 

ndo, T. Matsumoto, and J. Kid 
o, Jpn. J. Appl. Phys. Vol. 41 
(2002) pp. L800-L803) \Z (*%mm 

x i o 2 q • cm\z±o&mK*^zm&mk^mz 

«T^)If^f*L> «*»a5c*JloBtJ»^l 0 nmSr 

(««») *6*tt**5«^0 3&^awtt*-efe3a«*ton 

) 

[0 0 4 0] &fzM^i±m<D r-t©»E*^j58«j Jc 
1 1 - 2 3 3 2 6 2 -^^ffi-^4#B8¥ 2 0 0 0 
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- 1 8 2 7 7 Kffi«£nT^*W«&JR«# 
[0 0 4 1] * 6 IC> ±IBCD#PI¥ 10- 2 7 0 1 7 1 

^liffi^KJ 2001-102175 n^m. #M¥ 1 
1 - 2 3 3 2 6 2 m&m*&m 2000-182774 10 

*§^S8 (ttftKBttffFSB 6 3 9 6 2 0 9 ^-BjaSS) <£g 

^jHfC) ^f#ffl¥ 1 0 - 2 7 0 1 7 1 #4**K>#H 2 
001-10217 5<D&m F— tf>y/B*BfSK*T 
(fittttWIiaitLT) «Ilt, ^fffcltRPFl 
1 - 2 3 3 2 6 2 #4**K>WH 2000-182774 

^T^ffl-r^^chT', a*©#«EL*^oiiMifc*r 20 

2002-27365 6 ^^Jffl»fc:B¥Jfflk:BLT*£. 

d<D«£\ mM5£$LM (coi^Sffiij) t:«t^o« r^<£> 

[0 0 4 2] ZHtfflMi* MI»58tI4-ni^ftt 30 
1 - 2 5 1 0 6 7 -St4&«-t>1#P§ 2001-244079 

i^Mbt, *-;i/ttAI<hbTt>i^. CO 40 
Kftt3 0nm£ilTttSWJL<, 0. 5 

— 3 0 nm©teB£T5(&a*jff3:L^. KJP**3 0 nm 

[0 0 4 3] «f§ettft^« OKXSft&» 
■^A, HSfbT^-^A, ififbtfU^A, *ftjffU!> 50 
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A, 3^{b-f>^^7A, 51frfb7>? : E>, SyyteQL 
3 7 7Mff^)iM^DDQ (yyJ/- 
f/^ P D^/ » , TNF (hUzhD7Ml/y 
» , TCNQ (rh7y7y*yy/^» . 4F- 
TCNQ (fF77Wo-rh7y7/*yy/^ 

O^UfcWi. flfb^C*tLT0. 0 1-1 
0<&ttHT&*<&a«ffS bt^. F— /t> F£>Jt^#0. 

T, BWb^iW-T* ^It^fii^ F 

<dK+»***«*K:«TT*ot. F-ti> if 

[0044] «?»»*jie»j«-r««uiott*H 

*fiWBL&<Tfc. S-*3t^--!vF 

[0045] *f£m\zm^z>$£yt^— v fk&^t, g 
m j $>mwzm&i&i'T^z>m\zMi>T\$. tn^nmffi 

[0 0 4 6] *^©tiEL^^K^«, ft* 

#S2 001-15336 7 ^BJJfflSK^Tffi^L*: 
[0 0 4 7] *B§H©#«EL* : FS*JSTS# 
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&—fe<Dm&.T<DMW)x.*)\'*r— xmmm±\zvy h\z 

ttfo?—ify h^X/^y^mm (#12 0 0 1 - 1 4 2 10 
[0 0 4 8] *«±JC*«*ft*^TOJIS, M 

JftCi^TMT^^^t^ (#12 0 0 1 -1 
5 3 3 6 7 *»9§ffl*#{8> e 

[0049] */c, **w©t»EL*m ee^^w 

■*63tEI*«**TO**ilJP««^T 1 /4&fitf>l3& 
(AX (2n-l) /4> fcfc'U n = l, 2, 

3 ) T&&mz&bmmm<D¥£ftlft&$:'&Z>££& 30 

ffi*£o «*<0**EL*^(D«lifiTtt. (*-<&> 

life, K»«EEO±#*JB<«JtT»-3fc. 
[0 0 5 0] L^b. #%BJl#£te. flfimcD#g82 0 0 

1-10217 5^4i«^fe^x, ytR&mmizm-rz 
<Dm&&tD j &&mt%\zmifi'Fn\'£. mm* i /xm§gc 

<^^tc-r>nT z F^m^a : {c^:0. fell (oiO, 40 

©HMfftffi (AX (2n-l) /A. fcfc'U n=l, 
2, 3 ) {cK5£3nT^Tn**^*<?S:«)i:, 52 

<&9, jfi*cBE3tt*DljP*«l/ / 4»*<OK«B[« (Ax 
(2n) /4, fcfcU n=l, 2, 3 ) IzWifeZ 
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[0051] ^fci£tc, ::©j:5&«fobvij|t«&lll» 

[0 0 5 2] TfB*SS#J ^ L fcJ: ^ ^> *I8S 

[0 0 5 3] 

T^S, JJcHJfillrP ^fflLfc^M^B— ^-CR TM- 
800 0 (ULVAC (5*K£&fi?1±) H) 

(Te n c o r ) tt«P 1 OttfifSCailtfSffllifco M 
: ¥~<D&&mmz\t. ^r-XU- (KEITHLEY) tt 
y-X/-?2 4 0 0, hyn>BM-8»gMffl 
b^Co ^ITOi&ii, Al^igiiLT, dL8E« 
JE£0. 2 V/2g?CDfiJ'&TX5 : -^yt»ctCEniDbT, « 

jEJi^i^ow^si^matflt^aa^bfco *fc, el 

[0 0 5 4] S2p#Jl .(8*©«EL»©ffW- 

tEi±K:tt, mmmmmm 2 ^lt, ->-Mast2oa 
/□©no <<>^*a jiiafaax 
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10(0 (a) #Hg) . ^<o±\z. m&yo&s&m&m'? z 

2 40 (H10© (b) ) Sr^LT*— ;Hft2H4*WT 
^a-NPD^l O' 6 t o r r TT 2 A/&^liII 

: 

C<b 7 ] 
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m%u$mm&m'?7.i? 4 0 moo (b) ] ^lt 

^JHIItt^tt^Xtfn-NPB^l 0" 4 t o r r 
TT% 2 A/g?(0^»igfl[T?8 0 0 AOJPSJwricKU 

<D±.\Z. 5£ftm 1 0 £ LTTIBS: : 
Mb 9] 




flc (^T> Al q <fc»&K-r* <h, ^fefg^c 

S3fcft»T**^U>B*#: M«:C 5 4 5T 

(KODAKftg?) ) :0)13EMtflIlXO)i 
S < ha:*«k'5fcS^^3K#^*lHS[LT4 0 0 AodJP 
SfcSlbfe. i»B«#Jl7<D±K:, £S (C 

s) K>^*tlfc«^ftAJi8 iLT, TIE3C: 

8 3 




■essns/w^ynotAit^OA (cs) 

0 o Aomziz&mistz. $i\z. iitgstiTis 

fiEKJB&JRv;*^ 4 1 m\0(D (c) #BB] ^LT 

a i i$ i o A/tt i o o o k<z>mz\zimis 

0. 2 cm(DjE*«tt<t3ftS CHI 0<D (d) #B8) • 
ftSnfcSlfOM^^i' h^S B l 6 l:St. z.(Dm 

T$>£A 1 tomi:, fflSK«EE£:BJinLT* 58#JB (A 

1 q : C 5 4 5TO«iI) * 6 OftfiXXOIItttt 
&«5£Lfc. H2L 02 2R^2 3t©O^D7N 

a, -tn-en, (svoii) ©ff* (cd/m 

l ) -mm (v) mwtmm (mA/cm z ) -see 
(v) mmwm (cd/M -msft^g (mA/ 

cm 1 ) SSTy57T*5. ^0*^CD**ll 
[0 0 5 5] 2 (t5e*(0*«EL#?©fP««- 

wfixjt^ow) si i \z^tzmmmm.*m'?z>'& 

T, y-hfiR2 0Q/DOITO K >z/OJ± ■ 
n— HSnx^S CHlOtf) (a) #eaj . ^<D±.\Z^ 




TS^tli)^ t°P-D P VB i 2A/^IS 
T4 0 0 AiBffSlCfifcKLfc. ffJfBfgTtJf 1 0 CD 

tmmz. &m K-tr >^i?aAi 1 1 

tl/T v AVd7^n-f >«h^S-fei/^A (Cs) 
JtTl : 1 <h7i^)J:'5{3^^CD^S^ffi€:Si^bT2 0 
0 AoJ¥£Kj£Btbfco »<iS*g5 ^LTiM 

1MIT7^7 4 1 CHI 1 0 CO (c) #BSJ ^LTA 

20 i zmmmmi oa/»ti o o o A©jpsas»L&. 

:ra8l:<koT83lC««Htt0. 2 cm, #0. 2c 
mOiE^JgJRiS:* CHI 0(75 (d) #&] . #5*1*: 
^ (**«2) 05E3ttX^^ h;U*Hl 7<OjSC«^* 
L^Co CCO^EL^^^^T, BStit*S I T 

OiBitSTftSAitoBi:, iEffi«JE^^Snb 

T, 5S3tJI10 UlfD-DPVBi) 
©i«#te£«!l:£LJfc. 02 4. H2 5&tfH2 6*0>O 

yp7hn -tn-rn, jkbshp (*wj2) omm 

(cd/m 1 ) -@JE (V) mffi&m (mA/c 

30 m J ) -mJE (V) Wft, (cd/A) -««t 

(mA/cm 1 ) Sr^-Ti^:?"?**- d^S^CD 
5S3tlW*«ffitt2. 6 VT^oL 

[0 0 5 6] £909 3 TOfiELif^SPJ- 
•fiSBtt*? 1 ©*!) HI 2fc«bfc8UI*iB*Wr*flE 

T, '>-hfiR2 0Q/DOITO «>y^7A • tf 

n-hSnt^S CHI 0<£> (a) „ ^-co±^W 

40 i«iMi7X^4 0 CH10O (b) ] ^LT 
;H63ltt*#TSa-NPDS: 1 0-6torrT 
X, 2 A/^lf 0 0A(Df ^fc^ibT, 

*-;n&iHJi i 2&«^ufc. &\z. mm^-jm&m 

<D±IZ. Mil3tlTAlqi, ^feSBftSlftfi* 

(KODAKttS) ^Oli3tfi* 

T4 0 0A(Df$^gLfe o ^JZ. fflE«3ieil3± 

KSVtfli £W«K. &JBK-fc?>^«^aAJIl 4£ 
IT, AV^yDOt^gty^A (Cs) &=E)Ut 
50 Tl : 1 ^*^J:'5fCS4r0^iiS*iaSbT2 0 0 
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fflMTX^4 1 [0100(c) #eaj ^LTA 1 
Ml 0 A/^t 1 0 0 0 A^I^lf Lfco £ 
OlgKioTfg^^teSJO . 2cm, 10. 2 cm 
OIE;£?fm£&>5 [0 1 00 (d) #flg] „ #btl^^ 
^ (S*P#J3) O^TfcX^ h;U£0 l 7\zmUX^ 
"To COW^ELiSmc&^T, ^itgT'S)5ITO 

5£%:m (A 1 q : DC J TBO^SJI) ^eo#-fef£ 

yt<Dm&&zmfei'fc<> 024, 0255^02 6*0 10 

(cd/m 1 ) -MR (V) #14, mgrESS (mA/c 

m 2 ) -miE (v) mmmm (cd/A) -mat 

(mA/cm 1 ) 7 dOPfl^O 

5€?tmi&mm$ 2 . .2VT*ofc. 
t0 0 5 7j*Jfi«l (««W4Ji39«V, O. (5S^ 

**eai tmvmm-c. [0100 (a) ] 

«%filclKffl&JRVX^ 4 0 [0100(b)] 
T, mft^-y h 3 - 1 ^Mbto -Tttte^. a -N 
PD*6 0 0A, Al q :C 5 4 5T=100 : 1 OS 
^4 0 0A, AVi?^P-f>t^lt>"5A (Cs) O 
0 0 AOjP^^HB^fiKffltL*:. ^ic, ffiiE& 
JS K-t;>i/HO±»C«?»56*H4 - 1 <hLT, V, O s 
(5gKtA^S^A) MSt2A/&T10 0A 

ojp^tc^Mbrco ^o«^^gt>^*^Mffl^JB 

7X^4 0 [01 0 0 (b) ] ^LTJSBtbfc. & 

td, #«*fiEIKffl&JR^Xd7 4 0 [0 1 00 (b) ] O 30 

Bffi£OX§£fc5— *»0iSUT*3'lfi3.-y h3 
-2SrfiKKLfc, -T&to*, a-NPD£6 0 0A, A 
lq:C5 4 5T=100 : 1 (fi»J£) Ojf£ 4 0 0 
A, /ty^yp<>t^JRir->^A (Cs) Og-£JI£: 

2ooA^f$i;, uMiifc «»jw, mmnms 

<hltiMffl*SvX^4 1 (H10© (c) ] S 

^it, a i zmmmm i o a/©>t 1000 aojp^ 

K£*U (0 1 0 0 (d) ] — >£*rT 

0. 2cm, 810. 2cm(DIEM^t*ofco CO# 40 
T** A l tOBi:, ttSEWBESffliHiLT, !83fcH (A 

1 q : C 5 4 5 TO^sS&gJB) *^0»e«3tOK#tt 
^SS^Lfco 02 1, 0 2 2&tf0 2 3 *©D^D7 h 

te^n^n, z.<Dm^ (mmmi) o»£g (cd/ 

m z ) -mJE (V) #14, (mA/cm 1 ) 
JE (V) #14, mSt^J^ (cd/A) -mSSSS (mA 
/cm 1 ) tSt^57T»«. :w^f«ii5Si 
BEtt4. 4VW0, S*M»J1 om^O"^ <fc^£2fgO 
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o ttta b nt 2 isst ^ c s e l $f n mm 

^yhm 2«jfi<K:fc#<iF]±l,fc. coiftT 
(*S§#Ji) tt, 5Bft/tt^9A (v.Oi) 

(V 3 Os' + a-NPD 4 ) t%A^n, 5IMb/t^- 
v^A (V, Os) I^a-NPDI^S^MI 

i 6 fcftS-eST. ^Ttx^^ h;u£g|fi"r£<t:, S 

ffl 1 OX^£ SfcLfcAt. X^^hJl/O* 

OOfg3fc:x- y hOft, S?JD(Cfi£Mbfc^^rL- y h 3 

^£0*MT1i, 0 1 4^*"T«Jl«ifi*#-r«>**« 

[01 00 (a) ] t'^L,fcm5£/^^->lC3— h^tl 
I TO±l:t»^lffl#i7X^ 4 0 (0 10 
O (b) ] ^IT, 5B3t^L-!yh3-lS«l»Ufc. 

a-NPD£7 0 0A, (A 1 q : C 5 4 5 
T= 1 0 0 : 1) OJI£4 0 OAvA'V^DO^ 
Ig-fev^A (Cs) <DM&m&2 0 0 Aop^tcJUS^ 

4-1 £LT* TISjS: : 

[ffci o] 

F F 




-e*£n*4 f -TCNQ&f&mmmi k/&-?i o a 

OJSSKJlEBtLfc. 2-TNATA (A> K- 

it^m) zi&mmmi A/^-es o aos^c^kl 

feo ^:oi^4It>tlft^Iffl^BTX^ 4 o (0 

100(b)] ^LTfiEIlL 
^JS^X^ 4 0 [0 100 (b) ] 0££, Itfj^OXS 
*t>5-St*0iibT5!7tii-^ h 3 - 2 £j£MLfcc, 
f&fr*. a-NPD^ 7 0 0A, (Alq:C545 
T = 1 0 0 : 1 ) OS ^4 0 0 A, rtV&ztu<1 
Bir~>^A (Cs) ^1^2 0 0 Aojp£K, US* 

Xi741 (0 1OO (c) ) Sr^LT, A 1 ^slSiiS 
1 0 A/f T' 1 0 0 0 AOJP£fc&#U (01 00 
(d) ] i:SLfc/^->Stt***EL*?ft» 
Klii:J:oT^g«««0. 2 cm, «t0. 2 
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tSJE^EpjiaLT, fS^/I (A 1 q : C 5 4 5T^i 

mm) frz<Dm&5£yt<nn < && : £M7ELfzo 121, i 

©JStf (c d/m 1 ) -IE (V) 

nm&m (mA/cm j ) -hbe cv) <t#tt, 

(cd/A) -USt^ (mA/cm l ) 7 

T£>£o e:©*^ (*i£#J2) te, gui^©;^;^^ 

#^t<& & 2-tnat Aom^m^m x~m>ffi&mm 

#£^J«bT^£<h#^6n£>©T (4 F-TCNQ" 
+ 2-TNATA*) , 4F-TCNQld:2-TNA 
TAi^Wi^iltlTiiltl^o 
C<Dm^T*\$M&= 3 0 c d/m 1 0 . 1 

2 mA/ cm 1 ) gg^ K^i^^T^o T L 

Sofc;^ mSc^S^O. lmA/cm'MT^ 
iT'^nH iiSiS^T2 5. 6cd/Atl^, 

[0059] mm.m3 (2<i©^:i-y wmt*^ 

i±\z\z, mw,^mmm2 hvx. ^-vmK2 oq/ 
□© i to c-r >> ? -i7A • -r-fmtm. jas^ttsu/t 

0(7) (a) #bsj 0 Jt<D±fr*> v mmm2 tmvmgrT 
^mmfcWkm&m^xz 4 0 [010© (b) ) 30 

T^-;^Mf4^WT^tat5^xeD-NPB (COV 
I ONSiS) $r 1 0" 6 t o r r TT*, 2 A /fj> CD 1^*3$ 
gT8 0 0A(D»^l:^ILT, ^a-7h3-l(^ 

(1, 5£K=L-y V 3 - 1 ©#fe^/i£LTjiiJfe©Xfc: 
P-DPVBi (COV I ONtfcK) 2 A/©>©|£ 
tMt4 0 0Aof$«Kl, AV^ya 
-f >£&JR-fe>"?A (Cs) ©g^/I£2 0 0 A©JP£ 

KufflKbfc. *JSflitHi;<, t«fStl4- 

ltlt, V,Os (SgKbA^S^A) j£Mj£^2 40 

A/»TiOOAofSl:«Kl/ft. uOi^ilfc 
tIMifflMvx^4 0 [01 0<7) (b) ] 
T«lfc. 56*^-— y H3- 2 ©^-JUSiHg 

tLT, S*«3tHi;<a-NPDS7 0 0AO»S 

Tt^fiSlT&^DC J TB [KODAKttS) £ 

©s#fi*** i sfi%©»*£fr£<fc 5 ©»s*3* 

K£HgLT4 0 0 AcDJP^lCf&glLfco S*P 

m£mc<rtv?7a^ >t.&m-kzsvi± (cs) ©g 

£»*2 0 OA<DJP«*Kj«fltLfc. R£ffi«I5 50 
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t^Tm&f&mm&m~?*2 4 1 (bi.o© (c) # 

SB) ^lt, Al^ifSgl0A/g?T1 0 0 0A 
<DJP£«*bfc. JlOXSfc±oTK3t««fi«0. 2 
cm, $10. 2 c m©IE:£^tK£&£ [0 1 0 CO (d) 
#JS) o ^Sfl 3 T« 6nt«T*E L *f ©58 JtX^? 
hJltm 1 7 tC^HT^-To eKOWaEL*^^^ 
T, »ffi«ffiT*«> I TOiiitiT^^A 1 £©|W 

fcS^F (03 9 (b) ) <7)^ttll**-r¥**H3 9 
(a) fc^fo *^<D«Wtt«rWftb&. 02 4, 02 
5S^B2 6 tOD^Py Mi-tft^ft, C©^ (S 
*P«SJ3) ©«^ (c d/m 1 ) --SJE (V) If ft, «SS 
(mA/cm : ) -mflE (V) #£fe, ««E8!l* (c 
d/A) -mgttSS (mA/cm 1 ) ^-Tif^yVS> 

0, S*^J2CDm^ (2. 6V) tSipfclS©*^ 
(2. 2V) ©5g3fcBBte«flE©fn<fcfc:oT^2>. 
C©*^ (*5£#J3) ©«^t*JS«ltH«l:, 5^ 
{fc/^v^A (V:O s ) t*-*tatt»?T**7U 

^^«k5>«ffip»ft«#d^*fiKbT^S (V : O s " + a- 
NPD') i^ASft* 5B<t/^^^7A (V,0.) M 
t a - N PDlO^I^fffiI4I £ l/T»ilTli 

[0 0 6 0] HS£#J4 (3<S©36^— y b&GL. 

^^igfb-r^n^) 

©^flKEL^SrKirf S«£3ttfli*LT, 

?ti<Dm&\zmmm 1 1 l:jh#t, [010© 

(a) 3 lc*LfcBfr3£/1^ — >Hn- h£nxv>£ I T 

o±\z&mM&mm&m'?z>!7 4 0 [010© (to ) 

a-NPD^ 7 0 0A, Alq :C5 4 5T=100 : 
1©1^6 0 0A, AV ^^n-f>^^JKii'>^A (C 
s) 1 0 0 AOJPSKJB^ 3*fcCDS«tc^ 

4-liLT, V : Os (5ift/WS?9A) ^KjS 
g 2 A /^T 3 0 0 A Of ^ l: SI L fc e £(D«?»5S£; 
Bt>#«^fiKKffl^JSvxi7 4 0 [010© (b) J £ 
^LTS^bfCo ^tC, ti«lffl4S7X^4 0 

[01 0© (b) D ©*^, M^©Xg*fe^-S^0 
igUT»3t^.— ^ h 3- 2, y h3-3*JH^ 

©aiP^3 0 0A, 5 0 OA, 7 0 0A©3a^fC^tt 
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3 ftCDg&tC-^n^n a-NPDJ3 0 0A, 500 
A, 700A, Alq:C545T=l00:l (11 
it) coJI£6 0 0A, A'V^yo-f >£:£JB-fe>"?A 
(Cs) ODig'&JB* l 0 0 Acojps^m^fiKlRbT, 56 
3t3.-yh3-2**«b, *#K:««f5B£Jl4- 2 i 
IT, V,O s (SftifcA^^A) 

D-t^SHftOilbfe, -T^fc-fe, a-NPD£3 0 0 
A, 5 0 0A, 7 0 0A, Alq:C545T=10 
0 : 1 (SSJt) CD/I£6 0 0A, Ayj^DOti 10 
JR-t>"^A (Cs) 1 0 0A©JP SKIS** 

lit, R3tazyb3-3S«BL&. »& 
tS5 tbTii«l^BTX^ 4 1 (B10O 
(c) J ^IT, A 1 1 OA/tT 1 0 0 

oA<Dmz\zmmL, agio© (<n d j^l/i/^ 

««tt«0. 2cm, i0. 2cm^iE5Mi^^ 
fc. ^OWSELSlTfc^T* BStSTSSITO 

^ytM (A 1 q : C 5 4 5T^lfI) 6 ©1*658 20 
3t©*»ttt«ftLfc. 127, i28Wi29t^) 

o. +yD7h«fn^n, Mfsco3Sgj©j»jp£ 
w-rs^onae (cd/m 2 ) <v> #ts, m 

St^S (mA/cm 2 ) -mJE (V) 
(cd/A) -Hc^S (mA/cm 2 ) ^ftt tf 7 7 

#T**n^n©#?©««i»* (cd/A) a*^< 
s&o, »3t^yh3-2, 3 - 3 ;msy«it 

JP*«7 0 0 ACDt>(D^*iB4 8 c d/A^SA^SSts!) 
***»6*lfc— «3t^-y H3-2, 3-3CD*- 30 
JHfcjHHKJPd«3 0 0 A, 5 0 0Aot>©ttl8cd/ 
A, 2 8 c d/AlK0ll^S6n^^fe B 3!^ 
-7h3-2, 3-3O*-;«IMf^7 0 0A(D 
aKPtt, *ffiMaz7h^feO»16cd/A (4 8 
c(1/At3) i:l§aLT43D, iTO (3<B<D) 

ftfS, **^©»*ttA 1 ttS^ifilfi^S 

%7t&SO 1 /4«fi, 3/4&S, 5/4&fiK:£:o 

(*js{tsnfc) m?**. *ms0y 40 

4) 0 3 9M0aH & 0>5B3K;* y <£ hfr&m 1 9 ic^To 

BS©«8KH)2p (4 8 cd/A) ^tt^^MX^ 

^cOifc^O^:^, 0 1 6 fC&TF^nTt^ 
[0 0 6 1 ] ^SS#J 5 (2<@£>5gft:x- *y h^X^ 

m) 50 
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3ftOSfiSffltLT, — ©r/nHz^T- 

l<£V,Os (5&{LA;f v^A) S*LT«ILfc^ 
C^Tfi^3t^-— h 3 - 1 CDW6^ffig^^5tSl* 

h 3 - 2(&a-NPDa>e>*J5£2*T.S* 
— ;MiM/Itf)SIJS£: 3 0 0 A, 5 0 OA, 7 0 0AO3 

03 0, 0 3 1 ~BLtfmZ 2 4>£)D, + , O^P7 Mi-?- 

n-^n, c©3isoisstf^^»ft (cd/ 

m 1 ) -mJE (V) 4#tt, mffi^ffi (mA/cm 2 ) -« 
JE (V) #14, m«t^* (cd/A) -«8it3E« (mA 
/cm 1 ) SSt^77T»*. *HS£^J (USB 

M5) CD3a^^m^^3tX^^ hM0 2 0 

r« 03 2jc^$n^iio, smmcomm&m-r 
z>tti j en<Dm^-<Dmwi%)m (cd/A) 

0 , 5B3t^-= 7h3-2 ;H*3IJI»Pj&* 7 0 0 A 

OfeOtt, *i«8 c d/A*jB**««E*!l*^#6*lfc 
— ^, «5ta. - 7h3-2 3 0 0 

A, 5 0 0 A<Dh(Dte6. 5 cd/A, 4 c d/Agg 
<&«L*M»&n&^ofc. y h 3- 2<D*-;i/ 

fiam^KJP^7 o oa©*?b, n&mmmx'&zx 

ifil/4&&<DV6 3m£t£r>T^2> (ilftSnfc) #J 

[0 0 6 2] |gffiffl6 (€fl£l(0|g&if:$t^i 
**f»3jcJM2 0 75M2 2 KB*t<B r^<£>*§gj£;£fi£Jij T 

5 (a) (b) tfil^SnT^**^) 

04 1 KSr«Ji«liet*-rs*58W©#«EL* : F-ft 
SSiTr^o fclflU^JBT* CHI 0CD (a) ) 
\Z*kLfzf%fert?—>\za—h$tlT^Z> I TO±Ct 

myn&mm&M'?*? 4 o [010© (b> ] 

T, 5E#:i~y h 3 - 1 SfitKlt "rat>%» a-N 
PD£600A, A1q:C545T=100: 1 <DM 

&7 o o AcDmzizmiz&mistio &€\z r^omKfe 

Mt 1 1 ] 

L i q tlBSIB-rscit****) 1 0 A<Z>iPS^«« 
IT, *f I:»l7c41i: LT A 1 £ 1 A/» 

Lfco ^tc, fifffB r-^<o«KjS^fiEJij ©±*c««r«* 
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@ 4 — 1 £ IT, V, Os (5mk/*i-z/0&) ta-N 
PD<DM^m {=£)VVcm ;V,0 3 :a-NPD = 4: 

i) £, &mm&2 A/&T-2 o o A<Dmz\zi&mis 
fzo z.<Dn i ffi^±m^^&Wkm&m-?*2 4 o (0 

1 0<2 (b) ] ^^lTMl/:o ^tr, ^r«4^9UB 
#JgVX^ 4 0 (0 1 OCD (b) ) OSS, ift^Xg 

-T&:b*>, a-NPDS6 0 0A, Alq:C545T 
= 10 0:1 (Mgit) Of^ 7 0 0A, Liq^lO 

acop^i^ iMLfco mmz. mw^mrns llx io 

Mli*l7X^7 4 1 (HI 0<O <c) ] 

T, A l ^MM^m l o A/#T l o o 0 A<Dm$izM 
SfU (010(2 (d) ) l:^b/:/^->^t1"5W 

cm, $10. 2 cm^E^i^i^^fcc :otlEL 

a i t<om\z, m.mm&^mnvx, m%m (a i q : 

C 5 4 5 TOftIf§) ^^(7)^fe^Olt#t4^ffl^ 

hf^n^n, z.(omT (^mm6) comm (cd/m 20 
: ) -mm (v) ««e«£ (mA/cm j ) -mjE 

(V) #14, (cd/A) -mffitSS (mA/ 

cm 1 ) £H4, Rtf, ISt^^ (lm/W) -»« (c 
d/m 1 ) #tt^^t^77tfe^)o Sfcitfe^^i6, 
Se^^ig^W-r^lt^m^ ( I TO/a-NPD, 6 

0 OA/ A lq:C545T=100:l, 70 0 A/ 
Liq, 10A/A1) *ffr£ L0 4 2 75S0 4 5 4" 

H <fc r> Titty Z tlT 2 mfr$E*t & C (D^m E L ^ 

=?mm ifi. 2f&ifi<tc^:^<^]±ufc. 

(V:O s ) ^*-;Hi3H4^Tfe^TU-^T^>^ 
o-NPDtO»^MT«<bJt7cR*fcJ:«*«r 
ilWMltt^ (V, O s - + a-NPD* ) 
TL^n, 5»<kA'ty5A (V,O s ) ta-NPDOjg 

00(D) 3^7;P*U** (±IB^Jfi«TttL i) >f 
^>^^tS k ^«^JB^CD^^6*«^nT^^^\ A* 40 

M#tO«»lT*ott)i< (±12^98 2 0 0 0 - 

1 8 2 7 7 4 . SfiM^ft^t^^ 

WSnx*5 0 J. Endo, T. Mat 

sumoto, and J. K i do, Jpn. J. A 
ppl. Phys. Vol. 41 (2002) pp. L 
800-L803) , 8£*fflWaEL*^©Mfc«rr 
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C««r**JiOHMi«»c*-r*Jii:bTWffl-C**. 

[0 0 6 3] #%#J (««f*^Ji*Ojt«trt <Q • c 
m) <0«IS) 

JtStt (Q - cm) (£>ia!]5£f£f4, *JBI««<OH:»tt0«[ 
(U>^) l:ct^T2lS^Stil!£Lfc. ^icdSS 

(03 3s^3 4^srif>H>f y^ajaojtaawf 
*wb*hp) T«e*tTt>, wiomBE (v) &aa£4Mi 

i^lS (cm) (^*0«ffiraEK) 36^6#6n*« 
• E <V/cm) t, SSSmSiE (A) £««E**»tt*« 
«<£BrB8l (cm 1 ) (A/c 
m 1 ) C (V/cm) / (A/cm : ) = (Q • c 

m) ] **SJMil,jfc. CO«3tft^ffl^-6U->F-f ^5=* 

**T#*. 03 3t4, lt}g6xi¥ffi^*TO¥M0. 0 3 

«SK:B10 (b) l:SSn$ytF- , 77?4 0Sftffl 
LT2mmi|g<7) I TOtfil 6±tC (i^CJ:0 2mm 

«©A l tt±i:) taMiS^4IfflytK-7X 

U *ai:HC<2mm(|©7*5-9A«tl 7SI 

mmmm^&m^TmfeTz. -r&t>*>* 035^0 

3 6 fcSLjfcckSfc, SSI 9±OB-?S±l:f»|» 
i20, ii2 1 i&S««*Bf3tEK (L cm) Ml 

ft2 2(O«l»»IR*0r^©BBPa (W cm) £^rT£ 
X'J71^17X^^LT, BrJ£<B«» (t c 
m) ^^"T^o :^f#bni)iiE (V/cm) 

»4, EniD®ff (v) eaamraB (l cm) t*lt 

Jf:ft£n, *9K«& (A/cm 1 ) teSSSSfft (A) * 

«a*««En*a«©wfffia c^wx t c 
m 1 ) xmisT»th2nz>. ^(DmzLmznrcmfr 

(Q ■ cm) ^SiBLfCo 

[0 0 6 4] 0 3 7 KttJSttaWJtttJfttiRT. SSO^ 

%^®^^4, i to (mwnmttn) . v,o s (*%bj 

(V,O s : a-NPD = 4 : 1, 1:1, 1 : 2©3 

m<o=E)v\t) i*itmtz&\i*nmit9zMi . v.o.t 

2-TNATA^Itl (V 2 Os : 2 - TNATA = 

4 : 1 (^;i/it) , *5B?B»C*W*««f**a3 , a- 
NPD, CstAyjynO^Ifi (Cs :/ty 
^o<>=i : l (^e;Ht) • »Jta-y htOtf 
SAD ), Alq, T**. I TO, V : 
Osta-NPD^ftlfK, WV, Osi2-TNA 
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